We report a case of a 73-year-old man diagnosed with pulmonary pleomorphic carcinoma who showed profound durable response after a single treatment with pembrolizumab. The patient underwent a diagnostic workup in our hospital due to a hoarseness of voice. Chest computed tomography revealed a massive pulmonary tumor in the left upper lobe and multiple nodules in the both lung fields. Histological examination of a transbronchial lung biopsy specimen revealed pulmonary pleomorphic carcinoma. First-line treatment with pembrolizumab was discontinued after a single administration due to treatment-related pneumonitis. However, durable response has been observed over 17 months to date.
Introduction
Pulmonary pleomorphic carcinomas are rare, accounting only for 0.1%-0.4% of all lung carcinoma cases [1, 2] . Pulmonary pleomorphic carcinomas commonly cause distant metastases, and are refractory to systemic chemotherapy, resulting in poor prognosis [1] [2] [3] [4] .
Immune checkpoint inhibitors such as programmed cell death protein-1 (PD-1) inhibitors prevent the downregulation of T-cell effector functions, contributing to tumor cell apoptosis [5, 6] . In Japan, two anti-PD-1 blocking monoclonal antibodies, viz., of pembrolizumab (Keytruda Merck Sharp & Dohme Corp) and nivolumab (Opdivo BristolMyers Squibb) have been approved for the treatment of non-small-cell lung cancers (NSCLCs).
We report herein the successful treatment of a patient with pulmonary pleomorphic carcinoma via a single pembrolizumab treatment.
Case report
In early August 2017, a 73-year-old man who was a current smoker (1 pack a day for 53 years) was referred to our hospital because of continuously elevated white blood cell count for 3 months. Bone marrow aspiration was performed, but yielded inconclusive findings. By mid-August, he developed hoarseness of voice due to left vocal cord dysfunction. A chest roentgenogram showed a massive tumor in the left upper lung field and multiple pulmonary nodules in both lung fields (Fig. 1) . Chest computed tomography (CT) revealed a massive 10-cm pulmonary tumor in the left upper lobe and multiple nodules in the both lung fields (Fig. 2) . Intense fluorodeoxyglucose (FDG) accumulation in the pulmonary mass of the left upper lobe and the multiple lung nodules and left supraclavicular, mediastinal, hilar lymph nodes, and right adrenal gland was noted on 18-fluorine fluorodeoxyglucose positron emission tomography/CT (FDG-PET/CT) imaging.
The white blood cell count was 20.1 × 10 9 /L with 72.0% neutrophils, 3.5% lymphocytes, 7.5% monocytes, and 17.0% eosinophils. The C-reactive protein was elevated to 7.39 mg/dL (normal range, 0-0.3 mg/dL). Further, the levels of carcinoembryonic antigen and cytokeratin 19 fragment were elevated to 6.4 ng/mL (normal range, 0-5.0 ng/mL) and 4.4 ng/mL (normal range, 0-3.5 ng/mL), respectively.
Histological examination of transbronchial lung biopsy specimens obtained from the left pulmonary mass revealed pleomorphic carcinoma of the lung (Fig. 3) . Accordingly, the patient was diagnosed with pulmonary pleomorphic carcinoma, clinical T4N3M1c (PUL, ADR), stage IV (the 8th TNM classification of lung cancer). The tumor proportion score of PD-L1 was 100% (Dako 22C3 IHC platform).
Pembrolizumab (200mg, every 3 weeks) was administered as firstline chemotherapy in September 2017. However, after 14 days of the administration, chest CT images revealed the appearance of a large cavity in the left upper lobe tumor and interstitial lung disease in the right upper lobe ( patient did not receive steroid therapy. As the cavity would expand, thoracic empyema was more likely to occur. Therefore, we stopped further pembrolizumab treatment. Follow-up chest CT images revealed gradual tumor shrinkage (Fig. 4) . Over 17 months after the discontinuation of pembrolizumab, the primary lung cancer lesion and the lung and adrenal gland metastasis decreased in size without additional treatment.
Discussion
Pulmonary pleomorphic carcinomas is a rare, aggressive disease characterized by a high rate of early distant metastasis, late recognition, and poor prognosis [1] [2] [3] [4] . The response rate to chemotherapy regimens commonly used for NSCLCs is in the range of 0-17% [3, 7] and the median survival reported for patients with pulmonary pleomorphic carcinomas was 5-10 months [1, 3, 7] .
The PD-1 receptor is an immune checkpoint inhibitor expressed on activated T cells. Upon binding to its ligands (PD-L1 and PD-L2), which are expressed by tumor cells, stromal cells, or both, the PD-1 receptor inhibits T cell function [8] , leading to maintained tolerance to tumor cells. Meanwhile, the blockade of this pathway by the anti-PD-1 antibodies may prevent this downregulation and allow T-cells to maintain their antitumor property and capability to mediate tumor cell death [5, 6] . In total, 90.2% of pulmonary pleomorphic carcinomas show high PD-L1 expression [9] , and their aggressive behavior could be related to PD-L1-mediated immune escape [10] .
There are two anti-PD-1 monoclonal antibodies approved for the treatment of NSCLCs, namely, pembrolizumab and nivolumab. The difference in clinical effects between pembrolizumab and nivolumab has been unclear, and both drugs are considered to be clinically comparable. In the KEYNOTE-001 trial, pembrolizumab showed antitumor activity in patients with advanced NSCLCs, and a significant association was found between PD-L1 expression and pembrolizumab efficacy [11] . Recent case reports also showed a good response at the early course of pembrolizumab (e.g., 3 courses) in patients with pulmonary pleomorphic carcinoma [12, 13] .
Tumor mutation burden (TMB) is defined as the total number of somatic mutations in the tumor exome [14] and Carbone et al. reported that there was no significant association between TMB and PD-L1 expression [15] . Sarcomatoid tumors, which include pleomorphic carcinoma [16] , have a higher number of somatic mutations [17, 18] . Rizvi et al. showed that in NSCLCs treated with pembrolizumab, an elevated TMB is strongly associated with clinical efficacy [19] . Schrock et al. reported the case of a durable response to pembrolizumab in a patient with pulmonary pleomorphic carcinoma. This patient had a high TMB as well as positive PD-L1 staining with a tumor proportion score of 80%, and they suggested that pembrolizumab may be beneficial in this population [17] . Drug-induced pneumonitis is considered to be one of the important immune-related adverse events (irAEs) because it is potentially life threatening. In the KEYNOTE-024 trial, 9 (5.8%) of the 154 patients with advanced NSCLCs who received pembrolizumab developed pneumonitis, and 4 of them (2.6%) was grade 3 or higher [20] . Our case had Grade 1 pneumonitis as irAEs, and we discontinued pembrolizumab therapy after a single injection.
There have been several studies about the development of irAEs and the clinical efficacy of the anti-PD-1 antibody nivolumab in patients with NSCLCs [21] [22] [23] [24] . In their retrospective study of patients with NSCLCs, Haratani et al. showed that patients who developed irAEs at 6 weeks after treatment with nivolumab had favorable efficacy compared with those without irAEs (overall response rate (ORR): 52% versus 28%; progression-free survival: 9.2 months versus 4.8 months) [21] . Teraoka et al. reported that an early onset of irAEs 2 weeks after commencement of nivolumab treatment was associated with a durable response and clinical benefit to nivolumab in patients with NSCLCs [23] . Tachihara et al. reported that patients with partial response (PR) prior to the onset of irAEs tended to show a durable response after the discontinuation of anti-PD-1 antibodies, whereas most cases with stable disease at 8-12 weeks did not show PR, even if the antibodies were continued afterward [24] . A single injection of pembrolizumab caused pneumonitis as irAEs in our case, but patient had profound durable response after an early onset of pneumonitis and marked tumor reductions at the time of the onset of pneumonitis. Anti-PD-1 antibodies have the potential for long-term disease control through the activation of the patients' own immune system against NSCLCs [11, [25] [26] [27] [28] [29] . Recently, Osa et al. reported that prolonged nivolumab binding to T cells was detected more than 20 weeks after the last infusion, showing the possibility of lasting therapeutic efficacy [30] . Clinically, Gettinger et al. reported that 18 patients with NSCLCs who received nivolumab treatment discontinued nivolumab for reasons other than progressive disease and nine patients (50%) had treatment response lasting > 9 months after their last dose [28] . However, a certain duration of anti-PD-1 antibody treatment may be required to achieve long-term disease control. Tachihara et al. reported that even if there was a good antitumor effect initially, most patients developed aggravated disease if treatment was stopped within 8 weeks [24] . In the present case, a single treatment of pembrolizumab caused our ongoing durable response of 17 months. Further studies are required to better understand the mechanism by which patients achieve durable response to anti-PD-1 antibodies after discontinuing them.
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